The paper reviews the possibility of using diesel generators and gas generators operating on solid fuel to power the remote facilities. The advantage of gas generators on solid fuel is proven in terms of cost, environmental safety and operating conditions. It has been also proved that the reinforcement of research work aimed at direct conversion of heat into electricity is determined by the need to provide energy for the remote areas detached from industrial power supply networks. The gas generator feedback system proposed by our research allows to optimize the gas generator operation and to vary the power consumption in a wide range of values. The proposed systems imply the minimum number of mechanically interacting elements to reduce the number of failures during the equipment operation.
INTRODUCTION
The increased interest in highly efficient mobile electrical power generating devices with direct conversion of thermal energy into electrical one prevailed in recent years due to the growing demand to develop the territories of the far north ____________ of Russia. The main problems that arise in these areas are related both to the limitations of the fuel resource base and to the widespread use of the traditional type of fuel (diesel and kerosene) at the low ambient temperatures.
Storage of large reserves of hydrocarbon fuels is associated with certain difficulties in meeting safety requirements for safekeeping systems. In the meantime, the use of traditional mobile gasoline-diesel generator facilities confounds certain difficulties during their launch and operation, both in normal conditions and in low-temperature conditions. Some solutions proposed on the basis of diesel generators are undoubtedly useful in terms of their further development:
 application of direct conversion of heat into electricity based on thermoelectric elements [1] ,  application of biological fuels [2] . The most fully the above requirements are met by the previously known gas generation system, supplemented by new thermal control systems, which imply the feedback system, including the electrochemical converter as the main element. Briquettes with an improved solid fuel composition are used for loading the gas generator [3] .
There is an urgent need to use unconventional fuels. Those are safe when storage conditions are changed, and, at the same time, they do not change their characteristics at low temperatures. Such systems allow the use the power plants in a wide range of low temperatures at the limit of values that could be reached in northern latitudes. The time period from the start-up mode of the gas generator to a full set of power normally varies from 10 to 15 minutes.
On the other hand, currently, the increased attention is focused on the direct generation of electrical energy from heat, which would exclude the use of complex multi-step transformations such as a water-vapor-mechanical driveelectric generator.
The main goal of this paper is to show additional capabilities and potential of the well-known energy systems in order to achieve higher levels of their operational quality and to satisfy basic consumer requirements.
EXPERIMENTAL PART
There is a specific list of the most significant typical characteristics (criteria) affecting the design of the generators and energy converters: increase in specific power-"power per unit weight", "power per unit volume"; increase in lifetime and reliability; increased safety and "user-friendliness"; non-toxicity (harmlessness); the possibility of mobile performance; availability of production materials. This list must be supplemented with two more criteria important for studying the conversion of thermal energy into electrical energy: the working temperature interval; the possibility of using processes associated with waste processing in the heat generator.
The use of a gas generator in conjunction with a feedback system creates a significant economic effect. Table I shows the corresponding comparison data (in prices relevant to the beginning of 2018).
Obviously, the costs of briquettes are an order of magnitude less than diesel fuel. Moreover, production waste can be used as a raw material for the production of fuel briquettes, that is, this solution implies additional "super effect" when the generation of energy is accompanied by the waste disposal. It is difficult to overestimate this benefit, since preserving the ecological balance and effective deep processing of waste are the most acute issues in the modern world.
Decomposition and thermal transformation of fuel in the generator of the reverse type is based on the following chemical circuit:
Carbon dioxide in the 'tuyere' belt area, when interacting with carbon, is reduced to CO according to the following circuit: Technical systems of direct conversion of thermal energy into electrical one alternate the one known as "classical systems of multistage energy conversion". The multistage conversion circuit presumes the following main steps:
-transformation of the chemical (nuclear) composition of a substance in order to extract thermal energy; -conversion of thermal energy into mechanical energy with a reciprocating or rotational type of motion; -conversion of mechanical energy into electrical energy for subsequent transmission and distribution.
The most well-known multi-stage conversion circuits are the following ones: piston, steam turbine and gas turbine types of systems.
Direct conversion of thermal energy into electrical energy has its advantages in comparison with a multistage conversion. For example, noiseless operation. At the same time, according to such an important criterion as efficiency the technical systems of direct conversion of thermal energy into electrical energy (efficiency up to 25%) are still inferior to the multi-stage conversion circuit (with its efficiency of up to 40%) [4] .
The direct conversion of thermal energy into electrical energy based on thermionic conversion is particularly interesting in this respect. Thermionic converter (TEC) is a heat engine, where the gas of free electrons in vacuum, plasma (Cs ions) or in inert gases (the Ramsauer -Townsend effect) are used as a working medium. The converter circuit is shown in Figure 1 . An important advantage of this type of conversion is the fact that as long as the emission from the collector is lower compared to the emission from the emitter, the collector temperature can be high without a noticeable decrease in efficiency and power. For example, in the case when the operation efficiency of the emitter comprises 3 eV and 1.7 eV of the collector, the emitter temperature is 2000K, the current density of the emitter is 10A/cm 2 , the collector temperature can reach 1100K, while the efficiency factor will comprise ~ 21% [5] .
DISCUSSION
We have proposed a solution for the modernization of the gas generator, taking into account the use of the physical principles of direct conversion of thermal energy into the electrical one. This solution is protected by a patent [6] .
Thermal energy generated in the reactor of thermal decomposition of fuel is utilized with the help of two direct conversion systems: thermal emission and thermoelectric (Figure 1) . The electrical energy obtained is converted using a switching device, taking into account the values of currents and voltages on each generating element, the total number of which depends on the type of gas generator.
The peculiarity of a reversed type gas generator is that in order to work effectively it is necessary to calculate in advance and manufacture the product for the corresponding heat load. If the heat load differs from the optimal value, that is, it is nonlinear, then, the efficiency of work decreases. Therefore, the gas generator must be equipped with a positive feedback system. Such a system is necessary to smooth the peaks of energy consumption. This is possible if the electrochemical converter based on hydrogen (and oxygen), equipped with automation elements, is applied as such a feedback system. Electrochemical converters are presented by the system of two electrodes immersed in an electrolyte solution of an indifferent type.
For coordination with the external load, the switch turns on (disconnects) the additional load. In this case, the following processes occur on the electrodes:
anode -
The cathode is made of a Ni-B composite for the possibility of formation of hydride fuel in its structure. The anode is an insoluble electrode obtained by fusing a compound of the lead with antimony.
The amount of the hydrogen is determined by the dependence ) (
that is obtained by studying the behavior of the bending vibrations on a capacitive sensor, where the height of the internal friction peak is proportional to the amount of hydrogen absorbed by the sample, and the half width of the peak determines the binding energy of the hydrogen metal. For alumohydride, the extraction temperature is in the range of 142-145ºC. The functional diagram is shown in Figure 2 
CONCLUSION
The use of direct energy conversion systems simplifies the operation of the energy complex since in this case, the processes associated with the conversion of energy into the mechanical form are completely unnecessary. This leads to a significant reduction in weight and size and increases the reliability and simplicity of the device, and simplifies its maintenance.
In general, the mobile power generating complex based on a reversed type gas generator in combination with thermoelectric, thermionic and electrochemical converters provides a solution to the power supply problem and at the same time surpasses the analogue systems based on its technical and economic indicators. Taking into account that the trend of developing of diesel generators indicates stagnation in this direction, the timely development of power engineering based on the new principles is an acute and natural step for the further improvement of defense and civil engineering equipment. 
